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APPEAL BRIEF FOR PATENT APPLICATION NO. 10/729,725 
(i)REAL PARTY IN INTEREST 
The real party in Interest is John Paul Weirich the inventor. 
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(ii) RELATED APPEALS AND INTERFERENCES 

None. 
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APPEAL BRIEF FOR PATENT APPLICATION NO. 10/729,725 

(iii)STATUS OF CLAIMS 

Claims 1-20 are canceled. 

Claim 21 is twice rejected and appealed here. 

Claim 22 is twice rejected and appealed here. 

Claim 23 is twice rejected and appealed here. 

Claim 24 is twice rejected and appealed here. 

Claim 25 is twice rejected and appealed here. 

Claim 26 is twice rejected and appealed here. 

Claim 27 is twice rejected and appealed here. 

Claim 28 is twice rejected and appealed here. 
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(iv)STATUS OF AMENDMENTS 

None. 
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APPEAL BRIEF FOR PATENT APPLICATION NO. 10/729,725 
(v)SUMMARY OF CLAIMED SUBJECT MATTER 

In a preferred embodiment, the present invention comprises an UWB imaging 
sensor enclosed within a capsule powered by a battery and able to communicate 
with a receiver outside the body of the subject by means of a transmitter, as 
described on page 1 paragraphs [0013] and [0014] of US Patent Application 
Publication No. US 2004/0152988. 

Paragraph [0020] on page 2 describes the vest-style receiver system to be worn 
by the subject. FIG 4 shows this vest-style receiving system, which simply 
receives the signals transmitted from the capsule as detailed in paragraph [0040] 
on page 3. 

FIG 2 illustrates the details of the components of the UWB capsule imager. Here 
the UWB sensor 12, is connected to the controlling circuitry 14, tranceiver 16, 
battery 18, and antennaelO and 20. These details are in paragraph [0033] on 
page 2. 

UWB imaging is distinguished from visible light imaging in many ways, one being 
its ability to penetrate through tissues and "see below the surface" to image 
hidden features as pointed out in paragraph [0009] on page 1. Further, the 
miniaturization of UWB circuitry finally enabled it to be enclosed in a swallowable 
capsule, paragraph [0010] also on page 1. 
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APPEAL BRIEF FOR PATENT APPLICATION NO. 10/729,725 
(vi)GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 



The examiner rejects all claims 21-28 on the basis of obviousness as stated in 
35 use 103(a). The examiner states the invention is unpatentable in light of US 
Patent Application No. 2003/0085994 to Fujita et al., in view of US Patent No. 
5,668,555 to Starr. Whether claims 21-28 are obvious under 35 USC 103(a) is 
what is being determined in this case. 

Examiner argues that Fujita et al. disclose a capsule imaging system that uses 
visible light signals above 3 Ghz (paragraphs 0051-52, 0063, and 0098). 
Examiner further argues that combining the teachings of Starr's ultra-wideband 
biological tissue imaging system, with the teaching from Fujita et al., would be 
obvious to some skilled in the art at the time of invention. 
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APPEAL BRIEF FOR PATENT APPLICATION NO. 10/729,725 
(vii)ARGUMENT 



Rejection under 35 USC 103(a) 
Important Note 1 

The USPTO carefully examined and granted claims 1 , 2, and 3 in the Fujita et al. 
US Patent No 7,061 ,523. These claims describe a visible light capsule 
endoscopy device. In this case Fujita et al. simply substitute a CMOS visible light 
sensor for the temperature sensor described in Pope's capsule device US Patent 
No. 3,971,362 (abstract), as taught in Sheldon's endoscopy device equipped 
with a video camera US Patent No. 2,788,390 (column 1 and Fig. 4) combined 
with the teaching from Fossum et al.US Patent No. 5,841,126 to use a CMOS 
sensor for medical imaging (paragraph 1, Background and Summary of the 
Invention). Said another way, Fujita et al. changed the frequency of the sensor 
being used for the detection of living body tissue information", from infrared to 
visible light, and were correctly granted patent rights for this invention by the 
USPTO following thoughtful critical judgment of the issues. 

It is helpful to know that ultimately the USPTO will apply similar rules of judgment 
in this case. In this case the frequency of the sensor is similarly changed from 
the visible light spectrum to the UWB spectrum. Differently, the fact that many 
different frequencies are used (ultra-wideband) results in the ability to penetrate 
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APPEAL BRIEF FOR PATENT APPLICATION NO. 10/729,725 
tissues and image characteristics "unseen" by visible light. Therefore this, the 
UWB approach to imaging, is a novel and big improvement for subjects as it will 
enable detection of diseased tissues in the gastro-intestinal system that would 
not otherwise be found by simple visual inspection. 

See the document "Ultra-Wideband Radar Methods and Techniques of Sensing 
and Imaging" in the Evidence Appendix (section ix) Introduction and sections 1.1 
and 1.2 on pages 1 and 2 for the basics of how UWB imaging works and how it 
is fundamentally different from visual light imaging. 

Claim 21 

In regards to claims 21 examiner states that Fujita et al. disclose a capsule 
imaging system that uses the electromagnetic wave spectrum above three 
gigahertz. This is true, however Fujita et al. are using the visible light portion of 
the spectrum, not an ultra-wideband (UWB) sensor as claimed; this is the 
notable difference in imaging means which distinguishes the present invention 
from Fujita's et al. 

Using an UWB sensor as an imaging means is fundamentally different from 
using visible light imaging. Regulations require that UWB medical imaging 
devices operate below 1 gigahertz (Ghz) or between 3.1 to 10.6 Ghz, and at a 
very low power level. 
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APPEAL BRIEF FOR PATENT APPLICATION NO. 10/729,725 



At the time the present invention was, in 2003 , UWB imaging apparatus and 
devices were very large and UWB circuitry was certainly not sized at the 
microchip scale. At that time UWB imaging devices were very large, like the 
device patented by Starr. Thus the juxtaposition of a large UWB imaging device 
with a small capsule device is not natural or obvious. It is, in fact, a natural non- 
sequator. 

Further, the visible light capsule endoscopy devices like that described by Fujita 
et al. and those from Given Imaging were likely considered to be wholly 
adequate to meet the needs of the medical imaging market. It would never have, 
and indeed didn't, enter the minds of anyone until the present invention in 203. 

A worldwide search of the literature was done by a licensed patent attorney 
before the patent application for the present invention was even started, 
obviously to save time and money in case anyone else had thought of it. There 
was absolutely no mention of an UWB capsule imaging endoscopy device by 
anyone anywhere at that time, and in fact, even now no-one says that there was. 
Clearly this idea did not occur to anyone prior to this invention, because it is not 
obvious. 

Please note that the Fujita et al. patent claims many other types of sensors 
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besides visible light sensors, and even claims the use of an UWB radio for 

communication means. Therefore it is clear that Fujita et al. were fully aware of 

UWB technology at the time they made their invention. Nevertheless, they did 

not claim an UWB imaging sensor, even though all they had to do was add one 

additional claim, to the several dozen others, in their patent application to cover 

it. 

Fujita et al. were skilled in the art of UWB technology in 2003, yet it never 
occurred to them to claim an UWB sensor for their device. This proves that the 
present invention is not obvious to those skilled in the art, as currently held by 
the examiner. 

Additionally, claim 1 refers to the radio spectrum above 1 Ghz not 3 Ghz. 
Claim 27 

Claim 27 substitutes a transceiver for the transmitter means of claim 21 , and so 
should be granted along with claim 21. 

Claim 22 

Here the imaging means is an UWB imaging sensor operating above 3 Ghz. To 
reinforce here the points made above, using UWB is fundamentally different 
from using visible light because UWB can pass beyond the gastro-intestinal 
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mucosa to detect things "beneath the surface" that cannot be seen using visible 

light. 

Fujita et al. does not mention use of an UWB imaging sensor, although they do 
describe and were granted claims for all other obvious types of sensors for their 
capsule endoscopy device, which Is just like Pope's temperature capsule sensor 
except it uses a different frequency. 

Claims 22-25 

These claims provide additional limiting details of the device described in claim 
22, so should therefore be approved with claim 22. 

Claim 26 

The subject being imaged should have a signal receiver attached for easy 
carrying. 

Claim 28 

Claim 28 substitutes a transceiver for the transmitter means of claim 22, and so 
should be granted along with claim 22. 

Important Note 2 

Therefore, to conclude, I respectfully ask you to reconsider and grant all the 
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claims 21-28 of the present invention that uses an UWB sensor for imaging 

means, which is a novel and true improvement relative to the visible light 

technology commonly used when the invention was in 2003. "Seeing beneath 

the surface" will allow the detection of many deadly tumors and tissues that 

would not be found by simply examining the surface of the mucosa using visible 

light. 

Obviousness is a subjective decision and it cannot be disproven since it is in the 
eye of the beholder. The approach here is to point out that people with complete 
knowledge of both UWB and capsule endoscopy technologies did not utter a 
single word to anyone anywhere at any time, before the present invention was in 
2003. Therefore it was not an obvious combination. 

For the health of the US economy it is important that small enterprises invent 
new technologies that are then acquired and marketed by large enterprises. It is 
important that patent protection be granted to these novel technologies to serve 
the larger economy for all citizens, othenwise no-one will invest the time and 
money in creating new technology. 

The claims being appealed here were mainly written by a licensed patent 
attorney with over a dozen years experience, with just a few small edits by the 
appellant. This appeal is wholly written by the appellarit. 
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(viii)CLAIMS APPENDIX 



1 (canceled): An imaging system comprising: 
a swallowable capsule comprising: 

an ultra-wideband radar sensor system for imaging objects; and 
controlling circuitry means that operatively regulates said imaging 

system; and 

a transceiver to transmit imaging signals of said ultra-wideband radar 
sensor system and to receive controlling signals; and 
a power supply for said imaging system. 

2. (canceled): A system according to claim 1 and including a miniature 
communications port wherein the electrical circuitry within said capsule is 
connected through the capsule wall to electrical contacts located on the 
outside surface of the capsule wall. 

3. (canceled): A system according to claim 1, and alternative claim 2, and 
including a reception system, operatively connected to said imaging system, 
which receives said transmitted imaging signals comprising: 

a plurality of antennae; and 
a power supply; and 
storage means; and 

controlling circuitry means operatively connecting the parts of said 

reception system. 
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4. (canceled): A system according to claim 3 and including a transceiver 
component for wireless communication with other systems. 

5. (canceled): A system according to claim 3 and including a communications 
port for direct wire communication with other systems. 

6. (canceled): A system according to claim 3 and including: 

a communications port for direct wire communication with other systems; 

and 

a transceiver component for wireless communication with other systems. 

7. (canceled): A system according to claim 3, and alternative claims 4 and 5 and 
6, and including a programmable computer system operatively connected to 
said reception system and said imaging system, which processes said 
transmitted imaging signals saved in said storage means and controls said 
imaging system comprising: 

a computer system; and 

software programs which process said imaging signal data into various 
presentation formats; and 

software programs to issue instructions to said controlling circuitry means 
of said imaging system; and 

input means; and 

transmission means operatively connecting said computer system input 
means with said storage means of said reception system. 

8. (canceled): A system according to claim 7 and including a transceiver 
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component for wireless communications with said transceiver component of 
said capsule and said transceiver component of said reception system. 

9. (canceled): A system according to claim 7 and including a communications 
port for direct wire connections with said miniature communications port of 
said capsule and said communications port of said reception system. 

10. (canceled): A system according to claim 7 and including: 

a transceiver component for wireless communications with other systems; 

and 

a communications port for direct wire connections to other systems. 

11. (canceled): A system according to claim 1 and alternative claim 2, wherein 
the electromagnetic wave emitter of said ultra-wideband radar sensor system 
is an ultraviolet frequency light emitting diode and the electromagnetic wave 
receiver is an ultraviolet frequency sensitive detector and the shell of said 
capsule is transparent to ultraviolet waves. 

12. (canceled): A system according to claim 1 and alternative claim 2, wherein 
the electromagnetic wave emitter of said ultra-wideband radar sensor system 
is an infrared frequency light emitting diode and the electromagnetic wave 
receiver is an infrared frequency sensitive detector and the shell of said 
capsule is transparent to infrared waves. 

13. (canceled): A system according to claim 1, and alternative claim 2, wherein a 
non-ultra-wideband receiver is substituted for the electromagnetic wave 
receiver of said ultra-wideband radar sensor system. 
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14. (canceled): A system according to claim 11, wherein a non-ultraviolet 
frequency sensitive receiver is substituted for said ultraviolet frequency 
sensitive detector. 

15. (canceled): A system according to claim 12, wherein a non-infrared frequency 
sensitive receiver is substituted for said infrared frequency sensitive detector. 

16. (canceled): A system according to claim 1, and alternative claims 2 through 

15, wherein a transmitter is substituted for said transceiver of claim 1 . 

17. (canceled): A system according to claim 1, and alternative claims 2 through 

16, wherein connecting circuitry means that enables signal communication 
amongst the components of said imaging system is substituted for said 
controlling circuitry of claim 1 . 

18. (canceled): A system according to claim 1, and alternative claims 2 through 

17, wherein said capsule imaging system device does not include receiving 
means for imaging signals emitted by said capsule imaging system device. 

19. (canceled): A system according to claim 3, and alternative claims 1 and 2 and 
claims 4 through 18, wherein said reception system includes receiver means 
to detect and process imaging signals emitted by said capsule imaging system 
device. 

20. (canceled): A system according to claim 1 and alternative claim 2, wherein 
the electromagnetic wave emitter of said ultra-wideband radar sensor system 
is an ultraviolet frequency light emitting diode and the electromagnetic wave 
receiver is a visible light frequency sensitive detector and the shell of said 
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capsule is transparent to infrared and visible light waves. 

21. (twice rejected) A capsule imaging system comprising: 

imaging means including an ultra-wideband sensor system for imaging at 
least a portion of a gastro-intestinal (Gl) digestive tract in a subject, by emitting 
and receiving a plurality of electromagnetic signals at frequencies in the radio 
wave spectrum above one gigahertz; 

a communications means for communication with at least one antenna outside 
of the Gl digestive tract of the subject, including at least one radio transmitter; 
a controlling circuit to control a plurality of communication operations by the radio 
transmitter, and to control at least one operation of the imaging means; 
a capsule to enclose the imaging means, communications means, and the 
controlling circuit; and 

a power supply inside the capsule to supply electrical power to the 
communication means and the imaging means. 

22. (twice rejected) A capsule imaging system comprising: 

imaging means, including an ultra-wideband sensor system to 
substantially image a gastro-intestinal (Gl) digestive tract inside a subject, by 
emitting and receiving a plurality of electromagnetic signals at frequencies in the 
radio wave spectrum above three gigahertz; 
a communications transmitter unit, including a radio transmitter; 
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a controlling circuit to control at least one transmission by the radio transmitter in 
communication with at least one antenna outside of the subject, and to control at 
least one operation of the imaging means; 

a capsule to enclose the imaging means, the communications transmitter unit, 
and the controlling circuit; and 

a power supply Inside the capsule to supply electrical power to the 
communications transmitter unit and the imaging means. 

23. (twice rejected) The capsule imaging system of claim 22, wherein the ultra- 
wideband sensor system can substantially image a Gl digestive tract with at least 
one emitting antenna and at least one receiving antenna compatible with 
electromagnetic frequency signals having fundamental frequencies above three 
gigahertz. 

24. (twice rejected) The capsule imaging system of claim 22, wherein the ultra- 
wideband sensor system can substantially image a Gl digestive tract with one 
antenna capable of functioning as both an emitting antenna and as a receiving 
antenna, compatible with electromagnetic frequency signals having fundamental 
frequencies above three gigahertz. 

25. (twice rejected) The capsule imaging system of claim 22, wherein the ultra- 
wideband sensor system images a Gl digestive tract with a plurality of 
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electromagnetic signals having fundamental frequencies substantially between 
3.1 gigahertz and 10.6 gigahertz. 

26. (twice rejected) The capsule imaging system of claim 22, wherein the 
communications transmitter unit operates in conjunction with a wearable vest- 
style garment for the subject having the Gl digestive tract to wear as the capsule 
travels in the Gl digestive tract, wherein the wearable vest-style garment includes 
at least one communication signal receiving antenna to receive a plurality of 
radio wave signals from the communications transmitter unit. 

27. (twice rejected) The capsule imaging system of claim 21, wherein the 
capsule imaging system includes at least one radio transceiver for 
communication means for communication with at least one antenna outside the 
Gl digestive tract of the subject. 

28. (twice rejected) The capsule imaging system of claim 22, wherein the 
capsule imaging system includes at least one radio transceiver for 
communication means for communication with at least one antenna outside the 
Gl digestive tract of the subject. 
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(ix)EVIDENCE APPENDIX 

1. "Ultra-wideband Radar Methods and Techniques of Medical Sensing and 
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DETAILED ACTION 



^ Notice of Amendment 

In response to the amendment filed on October 26, 2006, the current rejections 
of the claims stand. The following new and reiterated grounds of rejection are set forth: 

Claim Rejections - 35 USC § 103 
The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 



(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 1 02 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

Claims 21-28 rejected under 35 U.S.C. 103(a) as being unpatentable over U.S. 
Patent Application Publication No. 2003/0085994 to Fujita et al. in view of U.S. Patent 
No. 5,688,555 to Starr. 

In regards to claims 21-25 and 27-28, Fujita et al. disclose a capsule imaging 
system comprising: imaging means for imaging at least a portion of a gastro-intestinal 
digestive tract in a subject by emitting and receiving a plurality of electromagnetic 
signals above three gigahertz (see paragraphs 0051-52, 0063 and 0098), a 
communications means for communication with at least one antenna outside of the Gl 
digestive tract of the subject including at least one radio transmitter (see paragraph 
0122); a controlling circuit to control a plurality of communication operations by the radio 
transmitter, and to control at least one operation of the imaging means (see Figs. 3-6); a 
capsule to enclose the imaging means, communications means and the controlling 
circuit (see Fig. 2); and a power supply 21 inside the capsule to supply electrical power 



obviousness rejections set forth In this Office action: 
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to the communication means and tlie imaging means (see paragraph 0052). Fujita et 
al. are silent with respect to the imaging means including an ultra-wideband sensor 
system at frequencies in the radio wave spectrum substantially between 3.1 and 10.6 
gigahertz. Starr teaches of an analogous imaging system and apparatus which 
implements ultra-wideband radar motion sensors to provide three-dimensional images 
in real-time. Furthermore, Starr discloses an object of the invention is to provide an 
imaging system for use in the biological sciences (see Cols. 1-2). It would have been 
obvious to one skilled in the art at the time the invention was to use an ultra-wideband 
imager in the apparatus of Fujita et al. to provide an alternate imaging means capable of 
producing an image having accurate three-dimensional structure localization with 
minimal distortion as taught by Starr. ^^^f^ 

In regards to claim 26, Fujita et al. disclose a capsule imaging system, wherein 
the communications transmitter unit operates in conjunction with a wearable vest-style 
garment for the subject having the Gl digestive tract to wear as the capsule travels in 
the Gl digestive tract, wherein the wearable vest-style garment includes at least one 
communication signal receiving antenna 4 to receive,a plurality of radio wave signals 
from the communications transmitter unit (see Fig. la). . 

Response to Arguments 

Applicant's arguments filed October 26, 2006 have been fully considered but they 
are not persuasive. 

Applicant's arguments with regards to the patentability of the Fujita et al. 
application are moot, as they do not pertain to the instant application. Applicant should 
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discuss the references applied against the claims, explaining how the claims avoid the 
references or distinguish from them. fkp^ 



In response to applicant's argument that there is no suggestion to combine the 
references, the examiner recognizes that obviousness can only be established by 
combining or modifying the teachings of the prior art to produce the claimed invention 
where there is some teaching, suggestion, or motivation to do so found either in the 
references themselves or in the knowledge generally available to one of ordinary skill in 
the art. See In re Fine, 837 F.2d 1 071 , 5 USPQ2d 1 596 (Fed. Cir. 1 988) and In re 
Jones, 958 F.2d 347, 21 USPQ2d 1941 (Fed. Cir. 1992). In this case, Starr teaches of 
an analogous imaging system and apparatus which implements ultra-wideband radar 
motion sensors to provide three-dimensional images in real-time. Furthermore, 
motivation to combine the apparatuses of Fujita et al. and Starr is provided by the fact 
that Fujita et al. teaches the desirability of using various and alternate imaging means in 
the endoscopic capsule, and Starr teaches an object of the invention is to provide an 
imaging system for use in the biological sciences. Furthermore, Starr teaches of an 
^ - —analogous imaging system and apparatus which implements ultra-wideband radar 

motion sensors to provide three-dimensional images in real-time. It would have been 
obvious to one skilled in the art at the time the invention was to use an ultra-wideband 
imager in the apparatus of Fujita et al. to provide an alternate imaging means capable of 
producing an image having accurate three-dimensional structure localization with 
minimal distortion as taught by Starr. Thus, as broadly as claimed, the combination of 
Fujita et al. and Starr meet the limitations of the recited claims. 
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Applicants states that Fujita et al.'s patent application 2003/0085994 was not 
published until May 8, 2003 and thus is not prior art. The following is a quotation of 35 
U.S.C. 103(a) which forms the basis for all obviousness rejections set forth in this Office 
action: A patent may not be obtained though the invention is not identically disclosed or 
described as set forth in section 102 of this title, if the differences between the subject 
matter sought to be patented and the prior art are such that the subject matter as a 
whole would have been obvious at the time the invention was made to a person having 
ordinary skill in the art to which said subject matter pertains. Patentability shall not be 
negatived by the manner in which the invention was made. Thus the rejection is valid. 

An examination of this application reveals that applicant is unfamiliar with patent 
prosecution procedure. While an inventor may prosecute the application, lack of skill in 
this field usually acts as a liability in affording the maximum protection for the invention 
disclosed. Applicant is advised to secure the services of a registered patent attorney or 
agent to prosecute the application, since the value of a patent is largely dependent upon 
skilled preparation and prosecution. The Office cannot aid in selecting an attorney or 
agent. 

A listing of registered patent attorneys and agents is available on the USPTO 
Internet web site http://www.uspto.gov in the Site Index under "Attorney and Agent 
Roster." Applicants may also obtain a list of registered patent attorneys and agents 
located in their area by writing to the Mail Stop OED, Director of the U. S. Patent and 
Trademark Office, PO Box 1 450, Alexandria, VA 2231 3-1 450. 
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Conclusion 



THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time 
policy as set forth in 37 CFR 1 . 1 36(a). 

A shortened statutory period for reply to this final action is set to expire THREE 
MONTHS from the mailing date of this action. In the event a first reply is filed within 
TWO MONTHS of the mailing date of this final action and the advisory action is not 
mailed until after the end of the THREE-MONTH shortened statutory period, then the 
shortened statutory period will expire on the date the advisory action is mailed, and any 
extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of 
the advisory action. In no event, however, will the statutory period for reply expire later 
than SIX MONTHS from the mailing date of this final action. 



Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Matthew J. Kasztejna whose telephone number is (571) 
272-6086. The examiner can normally be reached on Mon-Fri, 8:30-6:00. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Linda CM. Dvorak can be reached on (571 ) 272-4764. The fax phone 
number for the organization where this application or proceeding is assigned is 571- 




273-8300. 
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Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-91 99 (IN USA OR CANADA) or 571 -272-1 000. ^ 
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ABSTRACT 

Ultra-wideband radar holds great promise for a variety of medical applications. We have demonstrated the feasibility of 

using ultra-wideband sensors for detection of internal injuries, monitoring of respiratory and cardiac functions, and 
continuous non-contact imaging of the human body. Sensors are low-power, portable, and do not require physical 
contact with the patient. They are ideal for use by emergency responders to make rapid diagnosis and triage decisions. 
In the hospital, vital signs monitoring and imaging application could improve patient outcomes. In this paper we 
present an overview of ultra-wideband radar technology, discuss key design tradeoffs, and give examples of ongoing 
research in applying ultra-wideband technology to the medical field. 

Keywords: Ultra-wideband, UWB, Micro-power impulse radar, medical, hematoma, cardiac, respiratory, imaging 

1. INTRODUCTION 

Motion sensing and imaging ultra-wideband (UWB) radar systems have strong potential for use in the medical field. 
UWB radar is non-invasive, low power, and can be manufactured in a small, portable form factor. We have 
demonstrated the use of UWB radar in a variety of medical applications. A handheld UWB sensor has demonstrated the 
feasibility of detecting the presence of traumatic internal injuries including intracranial hematoma and pneumothorax. 
A UWB vital signs monitor tracks cardiac and respiratory motions remotely, without direct skin contact. UWB radar 
arrays can image the human body. This paper will explore key tradeoffs in the design of ultra-wideband systems for 
medical applications and provide several examples of research in this area. 

1.1. Ultra-wideband Basics 

Unlike narrowband systems, which transmit continuous waveforms at a specific frequency, ultra-wideband systems 
transmit narrow impulse-like signals that span a broad frequency range [Figure 1], The pulse width of a UWB system is 
typically within a range of lOO's of picoseconds to several nanoseconds, with rise times as fast as 50 picoseconds, 
corresponding to a frequency range that can span several gigahertz. Since the energy of the pulse is distributed across a 
many frequencies, the power spectral density is much lower in magnitude than a narrowband system. To a narrowband 
system, ultra-wideband signals appear below the noise floor, and are therefore very difficult to detect. 

UWB signals can be used in many applications, including imaging, vehicular radar, and communications. Examples of 
imaging applications are ground penetrating radar, through-wall imaging to detect the location or movements of objects, 
surveillance, search and rescue, and medical systems. Vehicular radar systems are commonly used for collision 
avoidance and roadside assistance. Ultra- wideband communication systems are useful for high data rate transmission in 
harsh propagation environments, such as indoor applications with dense multi-path channels, for consumer electronics, 
and for covert operations. 

The FCC defines ultra-wideband signals to be those with fi^ctional bandwidth exceeding 20% of the center frequency, 
or those with greater than 500 MHz bandwidth'. Although development of ultra-wideband technologies began in the 
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I960s"'^ the technology is far from mature. Widespread commercial use has been limited, largely as a result of FCC 
reslrictions. Due to concerns of interference with existing communication and navigation systems, the FCC limits 
UWB frequency bands and output power. Medical applications are limited to the 3.1 to 10.6 GHz range'. Through- 
wall imaging applications may operate below 960 MHz, or in the 1.99 to 10.6 GHz range'. Commercial devices are 
currently limited in power, restricting the operating range to about ten meters'^. Further studies are being performed to 
quantify the interference risks of UWB to conventional platforms^"^'^. Prototype systems have been developed at 
Lawrence Livermore National Laboratory using an experimental license. 

Narrowband System Ultra-wideband System 




Frequency 



Figure 1: Narrowband vs. UWB in Time and Frequency Domain 



1.2. Ultra-wideband Advantages 

This section describes the unique advantages that make ultra-wideband systems beneficial for medical use. 

1.2.1. Penetrates biological tissues 

UWB signals are capable of penetrating a great variety of materials, including plastic, wood, rubber, sheetrock, dry soil, 
glass, and concrete^'^*'". In general, systems with lower center frequencies achieve better material penetration. 
Biological materials including skin, muscle, fat, and bone can also be penetrated, although not as easily as most low 
conductivity building materials. Highly conductive materials, such as metals and seawater, cannot be penetrated"^. 

1.2.2. Non-invasive, non-contact, and non-ionizing 

UWB imaging systems would allow a physician to monitor internal organ movements without invasive surgical 
procedures. Unlike traditional ultrasound systems, which require direct skin contact, UWB sensors and imaging 
systems can operate at a standoff distance. Since UWB signals are non-ionizing, they do not cause the adverse effects 
associated with X-ray systems such as CT scanners, UWB imaging may enable physicians to make a preliminary 
diagnosis without subjecting the patient to risk or discomfort. In addition, these sensors are well suited for continuous 
patient monitoring to identify baseline changes. 

1.2.3. Low power, portable, and low cost 

While a CT scanner provides excellent image specificity, it is large and can cost several hundred thousand to over a 
million dollars. Handheld UWB sensor prototypes developed at Lawrence Livermore National Laboratory run on a 
single 9-V battery, and cost only hundreds of dollars to manufacture. Due to their portability and low cost, UWB 
sensors are ideal candidates for use in rural or remote settings and in-field use by first responders. 



2. SENSING WITH ULTRA-WIDEBAND 

A family of ultra-wideband sensors known as micro-power impulse radar^^'^' (MIR) was developed at Lawrence 
Livermore National Laboratory. MIR sensors emit extremely narrow electromagnetic pulses and analyze received 
reflection signals for characteristic indicators of material boundaries and movements. MIR sensors are safe for medical 



use, since UWB signals are non-ionizing and emitted power is very low. In a typical MIR sensor used for medical 
applications, peak transmit power is 60 milliwatts and average transmit power is 25 microwatts. 



The basic components of an MIR radar system include a transmitter, a reflective target, a receiver, and a signal 
processor [Figure 2]. The transmitter generates a series of short pulses. The shape of transmitted pulses is determined 
largely by the characteristics of the antenna. At dielectric interfaces, portions of the transmitted pulse reflect back 
toward the antenna. The receiver uses a range gate to sample the echo signals during a specific time interval 
corresponding to the round trip time of flight from the transmitter to the target, and back to the receiver^. A sensor with 
a fixed range gate can only detect echo signals from a single radial distance. By sweeping the range gate across a time 
span, or equivalent time sampling^ targets can be detected within a specified distance range. Multiple pulses are 
integrated to achieve a sufficient signal-to-noise ratio. Signal processing of the received pulse echoes may be 
performed in analog circuitry, using an FPGA, or using software algorithms running on a computer. 



Pulse Generator 




Delay 
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Processing 
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Figure 2: Micro-power Impulse Radar Sensor Block Diagram 
2.1. Distance JVieasurement 

One application of UWB radar is to measure the distance between the radar source and a reflective target. Ranging 
applications are based on measuring the round trip time of flight of a transmitted pulse. For example, if the time 
between sending a pulse and receiving its backscatter echo is 20 ns, we can infer that the signal was reflected at the 
target after 10 ns. If the target is in air, we can assume that the pulse velocity, v, is 3.0 x 10^ m/s, the speed of light. 
Using the simple relationship, d = v/, we find the reflecting target was positioned 3 meters away from the radar. By 
sweeping the range gate across a time span of 15 ns to 25 ns, we can detect reflected pulses from targets within a 
distance range of 4.5 to 7.5 meters. 

Distance measurements become challenging when the nature of target mediums is unknown. Since propagation 
velocity is material dependent, assumptions are made about the electromagnetic properties and thickness of target 
materials. For example, at 2 GHz, the relative permittivity, 8r, of muscle and fat are 5.5 and 4.5, respectively' ^ The 
corresponding propagation velocities are v„„„c/f = 1 .3 x 10** m/s and vjat = 1.4 x 10^ m/s, and are found by: 

C 

In several UWB medical applications, ranging sensors are used to identify physical abnormalities or deviations from a 
baseline, giving only approximate location information. For these applications, knowledge of exact thicknesses and 
material properties is not required. For example, a quick identification of the presence or absence of internal trauma 
injuries, such as intracranial hematoma or pneumothorax, can assist medical personnel in making triage and treatment 
decisions when more sophisticated diagnosis methods are unavailable. 



2.2. Motion Detection 



To detect motion, one can simply monitor a ranging sensor over time for changes in target position. A derivative circuit 
and a comparator can be used as a motion indicator. Using swept range radar, it is possible to determine the locations 
and deflection magnitudes of multiple moving targets. We have demonstrated several medical applications for UWB 
motion sensing, including monitoring of speech, respiratory, and cardiac motions'^ '^ '^. UWB motion detectors have also 
been used in search and rescue applications, to identify victims trapped in collapsed structures. 

2.3, Imaging with Ultra-wideband Sensor Arrays 

A single UWB ranging sensor can provide position and 
motion infomiation in one dimension only. While it is 
possible to detect the radial distance between the radar and a 
target, a single sensor cannot determine the target angle. If 

two sensors are used, it is possible to determine the position of 

a target in two dimensions [Figure 2]. To obtain three- Figure 3TT^) vs. 2-D positioning 

dimensional positioning information, an array of three or more 

sensors is used. UWB sensor arrays have been used to image a variety of targets, including bridge decks, buried land 
mines, walls, and the human body. 

2.4. Ultra-wideband Radar for Biological Sensing 

As UWB signals travel through tissues, their amplitudes attenuate exponentially with the factor e""" , where a is the 
attenuation constant of the tissue, and z is distance. When signals reach an interface between two mediums with 
differing dielectric properties, a portion of the signal is transmitted through the boundary, and a portion is reflected. 
The transmitted and reflected signals are given by: 

Et=T' E. and = F • £. , 

where E. is the incident wave, r is the transmission coefficient, and T is the reflection coefficient. The transmission 
and reflection coefficients are given by: 

T - -7= 7= and i - -= j= , 

where s^.^and e^^are the relative permittivities of the two mediums. '"^'^^ By detecting ultra-wideband reflections, 
sensors can determine the presence or absence of abnormalities at tissue boundaries and monitor their motion. 

For sensing biological tissue boundaries, adjacent tissues with differing dielectric properties are easiest to see. To 
illustrate this point, consider the task of identifying a pneumothorax, or collapsed lung. The relative pennittivities of 
tissues in the chest cavity over typical UWB frequencies are shown [Figure 4], There is a significant difference 
between the dielectric properties of an inflated lung compared to a deflated lung. Using the dielectric constants of 
muscle, inflated lung, and deflated lung at 2 GHz, we find the reflection coefficient at the muscle/inflated lung interface 
to be r^,//^ = 0.25 , and the reflection coefficient at the muscle/deflated lung interface to be r ^^^^^^ = 0.03 . We can detect 
the presence of an abnormal condition, such as pneumothorax, by comparing echo signals from a healthy lung to an 
afflicted lung. The same principles are applied to other UWB medical applications, including cardiac and respiratory 
monitors, and intracranial hematoma detection. 





Figure 4: Thoracic Tissues'^ and Dielectric Properties'^ 



2.5. Design Variables and Tradeoffs 

A designer of an UWB system must make a number of design choices specific to the application. These choices are 
interrelated, and reveal many tradeoffs in system performance. The following section outlines the key specifications 
involved in the design of an ultra-wideband sensing or imaging system, including frequency content, power, pulse 
repetition rate, receiver window size, and receiver integration time. 

2.5.1. Frequency Content of UWB Signals 

The frequency content of an ultra-wideband signal is specified by its center frequency and its bandwidth. A large 
bandwidth is beneficial, because many materials can be penetrated while achieving good spatial resolution. Choosing 
the frequency content of the system has implications for other system parameters. For example, low frequencies are 
desirable for achieving good penetration through dense materials. To create a lower frequency signals, however, a 
larger antenna is required, increasing the overall size of the device. High frequency signals yield good specificity, since 
the measurable spatial resolution is related proportionally to the wavelength. A very large bandwidth, however, can 
reduce the signal to noise ratio (SNR). For Gaussian noise, the noise power is proportional to signal bandwidth. 
Therefore, for a fixed signal power, as bandwidth increases, the SNR decreases. 

2.5.2. Power 

The power characteristics of an UWB system can be described by its instantaneous peak signal power, average signal 
power, and average system power consumption. A large peak signal power is important for obtaining good penetration 
through materials and long operating distances. An increase in peak power results in a proportional increase in the 
SNR. A major drawback, however, is a reduction in the efficiency of high power pulse generation circuits. As average 
system power consumption increases, the battery life decreases. For very high power systems, there could be concerns 
for interference with other radiofrequency devices and safety, 

2.5.3. Pulse Repetition Rate 

The repetition rate of emitted pulses sets an upper limit on the operating distance of UWB sensors. UWB systems 
measure the time of flight for pulses to reflect off of a target. The pulse repetition rate must be slow enough to allow 
reflected pulses to return to the receiver; otherwise, transmitted pulses would interfere with received signals. A faster 
pulse repetition rate improves the responsiveness of motion detection systems, allowing them to recognize high 
frequency movements such as vocal cord vibrations. To reduce the likelihood of being detected by or causing 



interference to narrowband systems and other ultra-wideband systems, randomized noise is added to the pulse repetition 
interval. This technique also reduces interference from other sources.^ 

2.5.4. Receiver Window Size 

A range gate is used to sample received signals at specific time intervals. The receiver window size corresponds to the 
time window for sampling. Choosing a small window allows greater spatial resolution and better sensitivity to small 
movements, however, faster sampling circuits are required. 

2.5.5. Receiver Integration Time 

In order to improve the signal-to-noise ratio of an UWB system, averaging can be used. Instead of examining the 
received signal from a single pulse, which will be obscured by a number of noise sources, many pulses can be observed, 
one after another. These received signals are accumulated for some period of time, performing the equivalent of 
integration or averaging. The average received signal still contains noise, but its effects are greatly reduced. For purely 
Gaussian noise sources, the effective noise seen by the sensor is reduced by the square root of the number of cycles over 
which the integration is performed. This increases the operating range and sensitivity, but decreases the speed and 
responsiveness to motion. 

3. MEDICAL APPLICATIONS OF UWB RADAR 

The following are examples of ongoing research at Lawrence Livermore National Laboratory and collaborating 
institutions in the area of ultra-wideband radar technology applied to medical purposes. They illustrate the diversity and 
adaptability of the technology. Three different measurement techniques are represented: a swept range radar snapshot, 
motion characterization, and imaging. 

3.1. Hematoma Detector 

Patients having unrecognized intracranial injuries may develop permanent brain damage, severe disability, or death. 
Early diagnosis and treatment of intracranial hematomas is essential for improving patient outcomes"''^. The current 
method used to identify intracranial hemorrhage is computed tomography (CT)-^". Unfortunately, not all head trauma 
patients have access to this technology. Scanners are large, and therefore restricted to a hospital setting. Many rural 
hospitals cannot afford CT scanning equipment and support staff CT scanners are not readily transportable; therefore 
patients must be transported to a hospital before a diagnosis can be made. This delay in neurosurgical intervention can 
result in irreversible brain injury or death. 

A portable, hand-held hematoma detector could be of use for traumatic brain injury patients in the field to properly 
triage victims and minimize unnecessary delays before definitive medical intervention. Pre-hospital diagnosis may 
allow for earlier initiation of neuroprotective brain injury interventions, including operative hematoma evacuation, 
intracranial pressure monitoring and catheter placement, and drug therapy. Furthermore, such a portable device could 
screen for neurosurgical mass lesions in the multiple trauma patient too unstable for CT, or for hematomas in the 
intensive care unit setting. Expedited screening may facilitate the prevention of secondaiy brain injury consequent to 
hematoma development. 

3.1.1. Prototype Description 

A handheld micro-power impulse radar (MIR) prototype device was 
developed for detection of intracranial hematomas'' [Figure 5]. This system 
is based on an ultra-wideband swept range sensor. A swept range radar scans 
an area in space by varying the time delay between signal launch and capture. 
Using the propagation velocity, the time of flight can be related to distance. 
Key specifications are a center frequency of 2 GHz, a 200 ps pulse width, a 2 
MHz pulse repetition rate, an average power density of less than 0.00 1 
mW/cm", and a peak power density of 2.5 mW/cm^, measured at a distance 
of 1cm. 

The concept of operation is to use the inherent bilateral symmetry of the Figure 5: Handheld Hematoma Detector 




brain to identify abnormalities. In healthy patients, UWB echo signals from the left and right side of the brain should 
look very similar. If an injury is present, the signals will differ. 



3.1.2. Experiments 

The feasibility of hematoma detection with ultra-wideband radar has been tested 
using laboratory models and limited human subject experiments. The goal of 
early experiments was to detemiine whether a correlation exists between the 
magnitude of a simulated hematoma and UWB echo signals recorded by the 
MIR sensor. In the laboratory model, a phantom hematoma setup consisted of 
four pig brains placed inside of a human skull. Known volumes of either blood 
or air were injected between the skull and the brain tissue. In the human subject 
experiment, MIR sensor scans were collected from six healthy volunteers and 
six patients with intracranial injuries. The intracranial abnormalities included 
chronic subdural hematoma, acute subdural hematoma, acute epidural 
hematoma, and intracranial air (after hematoma drainage). Signals were 
analyzed by an individual who was blinded to the conditions of the subjects. 




Figure 6: Hematoma Phantom 



3.1.3. Results 

In laboratory model experiments, characteristic features were observed in UWB echo signals corresponding to 
reflections from tissue interfaces. As blood was introduced between the skull and brain tissue, signal attenuation and 
delays were observed in certain characteristic features of the signal. An increasing spatial offset between brain tissue 
and the skull correlates with echo signal variations. MIR sensor signal returns from the phantom hematoma model with 
varying volumes of blood are shown [Figure 7]. As expected, reflections from the skull are well aligned for each echo 
trace. As the blood volume increases, a greater delay is introduced by the slower propagation of the signal through 
blood. The magnitude of the reflected signal is also decreased by the presence of hematoma. 



In human subject experiments, a 
characteristic UWB echo signal was 
observed. Bilateral symmetry was 
confirmed in healthy patients. Delays 
and attenuations in characteristic 
features of the signal were observed in 
patients with hematoma [Figure 8]. A 
blinded observer correctly classified 
MIR scans as healthy or containing 
hematoma, and correctly predicted the 
location of intracranial abnormalities. 

Based on the promising results of the 
laboratory and human subject 
experiments, an expanded collaborative 
study is proposed involving several 
hospitals and many patients. The goal 
is to detemiine whether the MIR sensor 
can effectively screen blunt head injury 
patients for urgent neurosurgical 
intervention. 



Signal Returns for Various Volumes of Blood 




Figure 7: MIR signals from phantom liematoma 
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Figure 8: Patient with Chronic Subdural Hematoma - (A) MIR scan (B) CT axial (C) MRI coronal 



3.2. UWB Vital Signs Monitors 

Continuous, un-tethered monitoring of patient vital signs is not available. The primary tool used in screening for 
cardiovascular disease is the electrocardiogram (EGG), which records the electrical signals of the heart. It typically 
requires placement of twelve electrodes on the body. Heart rate monitors are smaller versions of an EGG, which use 
two or three electrodes to determine the heart rate. Another tool, which is frequently used in hospital settings to detect 
hypoxia, is the pulse oximeter. As a patient's hemoglobin saturation drops, blood becomes bluer in color. A pulse 
oximeter measures the amount of oxygen in a patient's blood by observing light reflections. As blood vessels expand 
and contract with every heart beat, the pulse oximeter signal fluctuates. The pulse oximeter probe requires direct 
contact with the fmger or ear lobe. The stethoscope is an acoustic tool that enables physicians to listen to heart sounds 
and breathing. All of these tools require direct patient contact. 

UWB sensors could provide a continuous, non-contact technique for cardiac and respiratory assessment that would be 
beneficial for minimizing patient disruption. Hourly collection of vital signs is perceived to be a leading cause of sleep 
deprivation in intensive care unit patients^^ Studies have shown that sleep deprivation can slow the healing process by 
impairing protein synthesis, cell division, and cellular immunity^^. Another application for non-contact vital signs 
monitoring may be in patients with chronic kidney disease. Sudden cardiac death accounts for about half of outpatient 
dialysis deaths^"^. Nursing staff must closely monitor patient vital signs for any irregularities. A continuous, non-contact 
cardiac and respiratory monitoring device may improve patient care without causing discomfort to patients. Because no 
human contact is required, the device would not require cleanings or sterilization. An ultra- wideband motion detection 
device could accurately monitor cardiac and respiratory movements, and could simply be mounted on the back of a 
chair or bed. 

Due to its portability and low cost, UWB technology may be beneficial for use by first responders and medical 
personnel in remote areas. In field operations, a portable non-contact vital signs monitor could be useful for preliminary 
diagnostics and triage. Battlefield medics could use UWB cardiac monitors when an ECG was not available. Sensors 
could be worn by soldiers or firefighters in dangerous situations and monitored remotely. A sensor that can penetrate 
common building materials to detect respiration and body movement would be useful in search and rescue operations to 
identify live victims in burning buildings or collapsed structures. Other proposed applications include monitoring for 
Sudden Infant Death Syndrome and sleep apnea. 

3.2.1. Prototype Description 

Cardiac and respiratory monitoring has been achieved using the same hardware as described for hematoma detection 
[Section 3.1.1]. The primary differences are in signal processing. Instead of taking a snapshot, pulse echo signals are 
monitored continuously for signal changes in time. By differencing subsequent scans, motion can be identified. Filters 



can be used to target specific respiratory or cardiac frequencies. Swept range radars are used to generate intensity or 
waterfall plots as a function of time and depth. Fixed range sensors monitor changes in signal intensities a fixed 

distance from the radar. 

3.2.2. Experiments 

Vital signs were collected from 40 human volunteers at Walter Reed Army Institute of Research using a micro-power 
impulse radar range finding prototype. Readings from an ECG and pulse oximeter were captured simultaneously with 
MIR readings. These traditional sensor technologies were used to confirm MIR signal features were well correlated 
with respiration and cardiac events. MIR sensor readings were collected from each volunteer in four different body 
positions: standing upright, lying face up, lying on the right side, and lying face down. Since the readings of the MIR 
range finder prototype correspond to reflections off of tissue interfaces, rather than electrical impulses as in the ECG, 
body position was expected to be an important factor. Volunteers were asked to breathe slowly, while readings were 
captured for 60 seconds. 

In another experiment, fixed range radar signals were compared to ECG, cardiac impedance, and acoustic heart signals 
to determine how well characteristic features of MIR signals could be related to traditional sensor technologies. Further 
experimentation needs to be performed in order to correlate radar signals to heart motions, such as cardiac contractions 
and arterial wall movements. Expanded human subject studies could reveal whether the MIR prototype has a high 
enough degree of sensitivity and specificity to detect the presence of cardiac arrhythmia or damage to the heart muscle. 

3.2.3. Results 

Using the range finding MIR prototype, the human respiration and cardiac cycle can be clearly identified. A depth scan 
is shown as an intensity plot, where the Y-axis can be interpreted as depth (distance from the radar) and the X-axis is 
time [Figure 9]. Intensity corresponds to the magnitude of the received signal. Low frequency undulations correspond 
to slow respiration, while high frequency features correspond to heart motion. ECG and pulse oximeter traces are well 
correlated with the periodic features seen in the MIR depth scan. 
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Figure 9: UWB Vital Signs Monitor, ECG and Pulse Oximeter Signals 
from Human Volunteer 

Return signals from the fixed range sensor also correlate well with traditional cardiac monitoring methods. A 
comparison of traces from the ultra-wideband radar, impedance sensor, acoustic sensor, and ECG are shown [Figure 
10]. We have demonstrated the feasibility of using ultra-wideband technologies to monitor cardiac and respiratory 



motions; however more investigation is required to understand 

the relationship between UWB radar signals and advanced 
cardiac functions. UWB Radar provides information about a 
fundamentally different phenomenon than an ECG; it is 
related to the actual motions of the heart muscle rather than its 
electrical impulses. Therefore, it is conceivable that UWB 
radar technology may reveal diagnostic capabilities not 
readily available in traditional methods. 
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3.3. Ultra-wideband imaging of the human body 

Traditional techniques for imaging the human body include 
ultrasound, magnetic resonance imaging (MRI), computed 
tomography (CT), and traditional x-rays. UWB imaging may 
provide a means of long tenn continuous monitoring of the 
human body that cannot be accomplished using traditional 
techniques. CT scanners and x-rays emit ionizing radiation, 
and exposure should be minimized. Ultrasound requires 
direct skin contact, and is therefore suited for short term 
monitoring only. Magnetic resonance imaging is not practical 
for long term continuous monitoring because the mechanics of 
the instrument surround the patient. Also, metallic objects are prohibited, which excludes individuals with a surgical 
prosthesis or pace maker. 




seconds 

Figure 10: Comparison of UWB Cardiac 
Signals to Traditional Methods 



An UWB imaging instrument does not emit ionizing radiation, does not require patient contact, and can be operated at a 
standoff distance, and therefore may be suitable for long term, continuous monitoring purposes. Such an instrument 
could be useful for monitoring a patient in a hospital bed, as an alternative to CT or MRI when a patient is not stable 
enough to be relocated, or for real-time imaging of organs. Also, embedded metallic objects are easily identified. 

3.3,1. Prototype Description 

The imaging instrument consists of a phased array of swept range UWB radar sensors. A digital timing and data 
acquisition system is used to control the launch and capture times of each sensor. The system is electronically 
reconfigurable, such that the size and resolution of the scanned volume can be adjusted. The achievable resolution is 
related to the frequency content of the radar elements and the array aperture. The signal to noise ratio is given by both 
the number of elements and their spatial distribution, as well as the standoff distance. Simulations suggest that a 
resolution of 1 cm can be obtained for targets positioned at a 1 -meter standoff with an array of 48 sensors spanning a 1- 
meter by I -meter aperture. Raw data for a 200x200 pixel image is captured at 20 frames per second. Using 
tomographic reconstruction algorithms, a two-dimensional image is created from scans of a volume in space. Images 
are reconstructed in post-processing on a separate computer. A field programmable gate array (FPGA) implementation 
to carry out the image reconstruction is currently under development. We estimate the FPGA system will be capable of 
processing four reconstructed images per second at the output quality exhibited by Figure 1 1 . 



3.3.2. Experiments 

A preliminary experiment used an UWB radar array to scan a 1 -meter by 2-meter by 0.5-meter volume. Human 
volunteers were imaged at a standoff distance of one meter. To simplify the experiment, the human subjects were 
scanned in front of radar absorbent foam. 



3.3.3. Results 

Constructed images show recognizable human features. A female and a male subject are shown [Figure 1 1]. The male 
was wearing a metallic belt buckle, which appears as a highly reflective object. The image of the female is 300x220 
pixels. Each pixel corresponds to 0.6-cm. The image of the male is 485x320 pixels. Each pixel corresponds to 0.4- 
cm. 



Although these results do not demonstrate the sub-millimeter specificity of an MRI or CT scan, higher resolutions could 
be obtained through the use of a higher frequency radar or a greater number of radar elements. Ultra-wideband radar 
imaging has potential to be a viable patient monitoring technology. Key advantages that satisfy specific application 
needs not addressed by MRI or CT include real-time imaging of moving organs, inexpensive hardware, and portability. 




Figure 11: UWB radar images of human volunteers. Female (left) Male (right) 



4. CONCLUSION 

Ultra wideband radar is a flexible technology that can be adapted to a variety of medical applications. A suite of Micro- 
power Impulse Radar technologies have been developed at Lawrence Livermore National Laboratory. Prototype 
devices have the ability to detect internal tissue boundaries, monitor motion, and produce images without direct contact 
with a patient. They are low-power, safe, portable, and inexpensive. Through the selection of design parameters, UWB 
radar systems can be tailored to achieve high performance for specific applications. We have demonstrated the 
feasibility of MIR devices for use in detection of internal injuries, such as hematoma. The hand-held form factor, low 
power requirement, and rapidly generated results make this detector suitable for use in remote areas, where CT and MRI 
imaging systems are unavailable. Another adaptation of an MIR sensor was used to monitor respiratory and cardiac 
motion in human subjects. Potential applications include use by first responders for diagnosis and triage and 
unobtrusive vital signs monitoring in hospitals and dialysis clinics. Multiple radar sensors can be combined in a phased 
array and used to scan a three-dimensional volume for imaging purposes. Preliminary experiments show successful 
tomographic reconstruction of UWB signals for imaging human subjects. Unlike CT and MRI systems, ultra- wideband 
radar could be used for continuous, real-time monitoring over extended time periods. These examples demonstrate only 
a few possibilities for this promising technology. 
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